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Abstract— A number or peptides or ihe hemagglutinin (HA) of X-31 influenza virus have been synthesiscd. 
The amino acid sequences of some of these peptides represent regions of HA which have been postulated 
[Wiley et o7_ Nature. Loud. 2g9, 373-378 (1 981 )] 10 form the antigenic sites of this molecule. Animal* were 
immunized with free peptide or peptide conjugated to a carrier and the resulting ami sera examined for 
their capacities to bind u> homologous, peptide, whole HA. reduced and Alkylated HA, and intact virus. 
Not all peptides examined in this way were immunogenic. Only antibodies raised against the C-terminus 
of HA, peptide displayed binding to virus. This antiserum bound to the intact HA but not to the reduced 
and alkylated form or the molecule. These results raise questions as to the feasibility of using synthetic 
peptides ofihc influenza HA in short linear sequences to elicit neutralising antibody. 



INTRODUCTION 

Antigenic analysis or viral proteins has received a 
great deal or attention with numerous publications 
[e.g. Lcamcr et aL (1981), Baron and Baltimore 
(1982), Biule et aL (1982), Green et aL (1982), Eraini 
ei aL (1983), Grandgenett et aL (1983) and Tamura 
et at. (1983)) reporting that chemically synthesised 
snort peptides arc capable or eliciting antibodies that 
react with ihe native protein. An obvious con- 
sequence of such findings is the possibility of con- 
structing vaccines composed of those synthetic pep- 
tides which are found to elicit antibodies capable of 
neutralizing viral infectivity. 

The feasibility of this approach has been reported 
using a number of viruses. Langbeheim et aL (1976) 
showed thai a 20 amino add residue synthetic peptide 
representing part of the coal protein of MS-2 coli- 
phage induced antibodies capable or neutralising the 
virus. Subsequently, the antigenic structure of other 
viruses such as tobacco mosaic virus (Alischuh et aL, 
1983), turnip yellow mosaic virus (Qucsniaux et aL, 
1983), hepatitis B virus (Prince et aL % 1982), influenza 
virus (Jackson et o/-, 1982; M Oiler et aL. 1982; Green 
ei at,, 1981) and immunochemical (Jackson et aL % 
19826; Wiley et a/., 1981) structures of influenza virus 
1982; Rowlands et aL. 1983) and poliovirus (Emini et 
aL, 1983) have been studied using the synthetic 
peptide approach. Only in the cases of MS2 coliphage 
(Langbcbeim et al.. 1976), foot and mouth disease 
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virus (Bittle et aL, 1983) and poliovirus (Emini et aL, 
1983) have neutralising antibodies been obtained 
using synthetic peptides. 

As detailed" information about the primary [for 
review see Ward (1981)], three-dimensional (Wilson 
et aL, 1981) and immunochemical (Jackson cr aL, 
\9%2b; Wiley et aL. 1981) structures of influenza virus 
hemagglutinin (HA) is available we have examined a 
number or synthetic peptides of this molecule. HA is 
the major surracc glycoprotein of the influenza virus 
and is the protein against which neutralising anti- 
bodies arc di recied. The HA appears as "spikes", 
composed of three identical subunits, which project 
from the viral envelope. Each monomer is comprised 
of two disulphidc-linkcd polypeptide chains desig- 
nated HA, and HAj (Uver, 1971). 

On the basis of the finding that amino acid substi- 
tutions of variant viruses selected by monoclonal 
antibodies cluster inlo four regions on Ihe three- 
dimensional model of HA, Wiley et aL (1981) have 
proposed thai the molecule possesses four antibody- 
binding siles. These conclusions have been supported 
by the findings of others (Webster and Laver. 1980; 
Gerhard et aL. 1981; Breschkin et aL, 1981; Jackson 
et aL, 1982£). These antigenic sites, here designated 
"loop", "up"/*'inicrfacc" and *'hinge" [Fig. 1. model 
after Wiley et aL (1981)], are located on the HA, 
polypeptide. 

We now report the synthesis of a number of 
peptides or the HA of X-31 influenza virus and an 
evaluation of their antigenic and immunogenic prop- 
erties. Four of these peptides comprising the loop 
(residues 140-150). tip (lBJ-204) and hinn.c (46-55 
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Fig. 1. Diagram of the monomer subunil of the HA of X-31 
virus showing ihc locations oflhc pulali** antibody-binding 
silcs. -loop", "hinge" and "lip/inicrfacc". Modified from 
Wiley et aL (1981). The approximate locations or ihc 
synthetic peptide* used in ihis sludy *-ilhin ihc iniaci 
molecule arc shown by solid lines. 



and 272-280) encompass regions of ihc molecule 
which form three of ihe antibody-binding sites pro- 
posed by Wiley et aL (1981). In contrast, ihc olhcr 
two peptides arc derived from regions of ihc HA 
which have a highly conserved amino acid sequence. 
One or ihc latter, ihe "fusion peptide" (residues 1-13 
in HA,), is extremely hydrophobic and evidence 
suggests lhai ihis region is directly involved in the 
fusion process between viral and cellular membranes 
(Huang a 19B1; While a 19B1; Skehel and 
Waierficld, 1975; Ceihing ei oL 1978; Richardson et 
aL. 1980; Skehel et aU 1982). The other peptide 
(residues 305-328) contains the carboxy-tcrminus of 



MA, which i^TOcalcd in ihc stem region of the 
m Icculc. 

MATERIALS AND MKTIIODS 

Synthesis of peptides 

The peptides lisicd in Table 1 were prepared by the 
solid-phase procedure using a Bcckman model 990 
synih.es.2er. The general synthetic protocols used 
were based on ihc methods developed by Merrifield 
and Kcnl [sec, for example. Barany and Mcmficld 
(1980) and Keni (1980)] and are described in deuil 
elsewhere (Tregear et aL in preparation). 

Peptides were assembled in a stepwise fashion n 
a bcnihydrylaminc, 1% cross-linked polysiyrcnc resin 
(Protein Research Foundation, Osaka. Japan) with 
AMcriiarybutyloxvcarbonyl amino acid derivatives. 
Our strategy wa/ to prepare the peplides with the 
a-arnino and ap£arboxyt terminal groups blockcd?^^ 
For pepcidcs-'coniainine cysteine, the free sullhydryl 
groups were protected (wilh cither acclarnidomethyl 
or ethylmercapto groups to prevent dimerizati n. 
Following assembly of the complete sequence the 
peptide resin was treated with acetic anhydride in 
dimcthylformamide to acetylalc the amino terminus. 
Cleavage of the peptide from the resin with anhy- 
drous hydrogen fluoride at 0"C for 30min in the 
presence or anisole (10%) gave the crude peptide 
acciylated at the amino terminus and with the car- 
boxyl terminus as the amide derivative. In the case of 
the HA, C-terminus peptide (305-328) synthesis was 
performed on a Thr-OCH 2 -phenylacetamidomcihyI 
polystyrene resin according to the procedures de- 
scribed by Kent (1980). Acctylation was not carried 
out at the final step of the peptide assembly and 
hydrogen fluoride cleavage gave the (305-328) pep- 
tide wilh free terminal amino and carboxyl groups. 

The crude peptides were purified by gel chro- 
matography using BioGel P6 or TSK-40 columns in 
I M acetic acid or 1 M ammonium bicarbonate. 
Further purification was effected by ion-exchange 
chromatography on CM- or DE-cellulose. or, where 
appropriate, peptides were collected from C-18 
reverse-phase HPLC columns. The synthetic peptides 
were assessed for homogeneity by amino acid analysis 
and analytical HPLC- 

Conjugation of peptides 

Syniheiic peptides were conjugated to KLH .using 
J -ethyl-(3-dimethyl-araino - propyl) carbodiimidc 
(Sigma Chcmica/Co.) as described by Goodrriend c/ 
aL (1964). Typical conjugation ratios were 200-5^*" 
moles of peptide per mole of KLH. 

Viruses * 

The influenza viruses used were: A/PR/8/34- 
(HIN1), A/Vie/1 12/76(H3N2), A/Texas/1/77(H3N2). 
A/Vic/t86.'82(H3N2) and the recombinants, X-3U 
bearing the HA or A/Aichi/68(H3N2) and derived by 
reassortmcnt between A/Aichi/6fi and A/PR/B/34- 
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'The numbering of the lingldciicr code amino add »equrnces U that uied by W?ro (19SI). Willi the cuxpuon of 
HA,.(305-325) each of iht peptides hai its cirbo*\l terminal in the oroide form and the amino terminal blocked 
ai the A' -acetyl den valine. The cysteines in hi ape peptide A and hinge peptide B arc the ethytmercapio derivative!. 
Both these peptide* h*vc been linked by the normal cysteine disulfide bond in hinge peptide A- 8. 



(H1N1), Sbearwaicr„-Be! s . bearing the HA of 
A/Shcarwaler/E. Ausi./172(H6) and ihc neuramini- 
dase of A/Bcllamy/42(N I ). and Port Chalmcrs H -Bel s 
bearing ihe HA of A/Port Chalmers/J/73(H3) and 
neuraminidase of A/Bellamy/42(N I ). Viruses were 
grown in 1 0-day cmbryonated chicken eggs and 
purified by sucrose gradient cenirifugation after ad- 
sorption to and elution from chicken erythrocytes 
(Lavcr, 1964). 

HA 

HA was isolated by electrophoresis of purified 
disrupted virus on cellulose acetate blocks (Laver, 
1964). Reduction and carboxymeihylaiion ofHA was 
carried out as previously described (Jackson et aL 
1978). HA was also prepared by digestion of virus 
with bromelain (Sigma Chemical Co.) according to 
Brand and Skehc! (1972). Briefly, virus was digested 
at 37 V C for 18 hr in 0.1 M Tris-HO, pH 8.0, 0.05 hi 
2-mcrcaploethanol at an enzyme: virus protein ratio 
of 1:1. Bromelain HA was then purified by density 
centrifugation over a 5-20% sucrose gradient in 
phosphate-buffered saline (PBS). 

Amisera 

Antisera were raised by intramuscular inoculation 
of antigen (100 pg), emulsified in Freund's complete 
adjuvant, into oulbrcd New Zealand rabbits ai 
monthly intervals Over a period of 6 months. Rabbits 
were bled 7-10 days after each boost and antisera 
monitored for antibody. 

Antisera obtained from animals inoculated with 
virus were absorbed with Shearwater,,- Be 1 N virus to 
remove antibodies directed aginsl the carbohydrate 
antigen according to previously described methods 
(Jackson et oL % 1978, 1981). 



Immunoglobulin G (IgG) was prepared from 
rabbit scrum by affinity chromatography on protein 
A-Scpharose CL-4B (Pharmacia). 

Monoclonal antibodies HMA2. H14A20 and 
HUA21 were a generous gift from Dr Walter 
Gerhard. 

Rodioiodinufion 

Bromelain HA, synthetic peptides and protein A 
were iodinaied using either ihe Bolton and Hunter 
reagent (Bolton and Hunter, 1973) or a modification 
(Jackson, 1980) of the chJoramine-T method (Green- 
wood ct aL 1963). 

Radioimmunoassays {RlAs) 

A number of different RIAs were employed in this 
study. A solid-phase assay (Brown et al. % 1980) was 
used in which antigen was dried onto wells of a 
polyvinyl micro til re tray by incubation at 37°C for 
3hr. After treating with a solution of bovine serum 
albumin to coal unoccupied areas of plastic, dilutions 
of IgG were added to the wells and incubated over- 
night at room temp. Binding of antibody was de- 
tected by the addition of radioiodinated protein A. 

A solution-phase RIA (Jackson ct o/., 1979*) cm-_ 
ploying radiolabelea^ymhctic peptides was also useJT" 
Briefly, dilutions^ IgG were added to centrifuge 
lubes containing a constant amount of radio- 
iodinated peptide. Following incubation at room 
temp for 3 hr, antigen-antibody complexes were iso- 
lated by the addition of a 20% (v/v) suspension of 
cither protein A-Separose CL-4B or protein 
A -Sep ha rose saturated with rabbit antibody directed 
against mouse IgG. After a further 30-min incubation 
the immunoadsorbents were washed and the amount 
of radioactivity associated whh each determined. 



I'iiuiIU. a modification of the solution-phase RIA 
uvcii in which unlabeled peptides were examined 
for thru c;ipac«y to inhibit the binding of antihody 
n> bromelain HA. Dilutions f peptide were incu- 
haicd wilti constant amounis or IgG and radiO- 
iodiiiaicd HA. The amount of IgG used was ihal 
which hound 50% or the radiolabeled HA in ihc 
absence of inhibitor. Following incubation, anligcn- 
»ntihody complexes were isolaitd and delected as 
described earlier. 

HcmaZZtutinulion iniiihiiian {HI) assays 

HcmaBgluiinaiion and HI assay's were performed 
as described by Fa*ekas de St. Groth and Webster 
(1966). 
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Solid-phase RiAs 

IgG isolated fj/ m various anltsera raised against 
X-31 virus, synthetic peptides and synthciic ptptide^^ 
conjugates were examined in the solid-phase RIA for 
ihcir abilities l bind to whole HA.. HA which had 
been reduced and alkylated, and symheiic peptides. 
Purified immun globulin from 27 antiscra were 
icsted in this assay. In those cases where iwo or more 
animals were immunized with the same immunogen 
resulting in similar rcsulis. data obtained from a 
single scrum only are presented. Where animals re- 
sponded differently to immunisation both results are 
presented. 
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Fig. 2. Binding of antiscra raised against X-31 virus, free synthetic peptides and synthetic peptide 
conjugates to X-31 virus. HA. reduced and alkylated HA. and symheiic peptides in a solid-phase RIA. 
Immunoglobulin O was purified [Yonv. (A) *mi-<X-31 virus) serum. <B) ant»-(loop peptide) serum. (C) 
an^-iup peptide) serum. (D) anti-dip-KLH conjugate) scrum. (£) anli-(hingc A-& peptide) «rum,(n 
ami-(hingc A-8-KLH conjugaic) scrum, (G) ami-fusion peptide) serum. (H) ami-(fu*ion pcpudc-kLH 
conjugate) serum. (I) anli-(C*-lcmilnal HA, pcpiide] scrum, and (J) and (K) normal rabbit scrum; and 
mrated against each aniigcn in a solid-phase RIA. The results shown are normalised values derived by 
expressing (he level of binding obtained as a percentage of thai obtained wilh a 1/ 10 dilution of anli-(XOl) 

lgG to virus. 
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The results arc presented in l : ig J. It can K* >cct\ that 
antibodies directed to this .\yntheiic peptide exhibit 
subtype specificity, binding occurring only to viruses 
of the H3 subtype. Furthermore, the binding of llii> 
anti-pcpiidc antibody to a strain which appeared 
later in the 113 subtype scries. A/Vic/lKrVtO. i* 
significantly decreased when compared with earlier 
H3 Strains. A comparison of the amino acid m:- 
quences of the HA from the various strains (Table 2) 
indicates that this region is conserved within the H3 
subtype but differs from the corresponding HI. H2 
and H6 sequences. Wc have no data on the sequence 
of A/Vic/I86/82(H3) but the binding dvla (Fig. 4) 
would indicate that there are differences between it 
and the earlier H3 strains examined. 
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Fig. 3. Binding of anii-pcpiide and ani?-(X-31 virus) IfiG 
preparations lo X-3 1 virus in solid-phase Rl A. Dilutions of 

amt-(X-3l virus) IgG (• •). ami.(C-icrminal HA, 

peptide) l$C (■ anii-(tip peptide) IgG (♦—-♦). 

anli-(fusion peptide! tfiG (O O), anli*(h»nge A-B pep- 
tide) IgG (A anii-(loop pepude) TgG (□ □) 

and normal rabbit IgG (• — -•) were added to virus- 
coated wells and incubated overnight- Binding of IgG was 
detected by the addition of radioiodinaicd protein A. The 
levels of binding obtained have been normalised by express- 
ing them as a percentage of lhc valuc obtained with a 1/10 
dilution of anli-(X->l virus) IgG. 



The results plotted in Fig. 2 show the levels of 
binding obtained with 1/10 dilutions of the various 
IgG preparations with the different antigens. Figure 
3 illustrates the types of titration curves, obtained for 
the binding of anli-pcptidc and ami-viral sera to 
intact virus, from which the daia presented in Fig- 2 
, derived. 

These results can be summarised as follows: 

(a) antibodies raised against intact virus react 
strongly with virus, HA and reduced and alkylated 
HA, and bind slightly to the C-lerminus HA, peptide: 

(b) only the tip and C-tcrminus HA, synthetic 
peptides elicited antibodies which reacted with the 
homologous peptide; 

(c) only antibodies raised against the C-terminus 
HAi peptide demonstrated binding to the intact 
virus. However, the degree or binding obtained lo 
virus was much less than that obtained with the 
homologous peptide. Furthermore, this antiserum 
bound 10 intact HA but not to the reduced and 
alkylated form of the molecule. 

In order to investigate furiher the specificity or 
antibodies elicited by the C-tcrminat HA, peptide, 
titrations were carried out against a variety of 
influenza virus subtypes using the solid-phase RIA. 



Solution-phase assays 

A possible explanation for the lack of binding of 
anti-viral antibodies to synthetic peptides in the 
solid-phase RIA (Fig. 2) is that binding of the 
peptides to polyvinyl trays may cause conformational 
changes in the peptides preventing their recognition 
by anti-viral antibodies. To avoid this, anti-viral and 
anti-pepiide sera w^rc tested for their binding to 
radiolabeled synthetic peptides in a solution-phase 
assay. Similar results to those observed in the solid- 
phase RIA were observed. The only binding observed 
in this assay occurred between anti-viral sera and 
anli-C-terminal peptide sera lo the C-ierminal pep- 
tide (Fig. 5). In contrast lo results obtained in the 
solid-phase RIA, anti-tip peptide antibodies Tailed t 
bind to the tip peptide. The lack of antigenic reac- 
tivity of the tip peptide observed in the solution-phase 
assay may indicate that radiolabeling of this peptide 
destroys the epitope(s) recognised by anti-tip anti- 
bodies in the solid-phase assay. Experiments were 
therefore carried out in which each of the unlabeled 
peptides was examined for their capacity to inhibit 
the binding of anti-viral IgG to radioiodinatcd bro- 
melain HA. No inhibition of binding was observed 
even when peptides were present *u conens equivalent 
io a 3 x I0" 5 -fold molar excess over HA. 

It is possible that anti-(XOI) virus sera contain 
higher titers of antibody against a certain sitc(s) than 
against others on the HA molecule. Thus, inhibition 
of binding or antibody to HA hy peptides derived 
from antigenically less important regions of lhc 
molecule may be difficult lo demonstrate using poly- 
clonal antisera. Therefore, the hinge A-R. hinge A. 
loop and tip peptides were examined for their ability 
to inhibil the binding of monoclonal antibodies 
HHA2. H14A20 and HI4A21 lo HA. These anti- 
bodies have been shown (Lavcr cr «/.. 1979) to select 
variants with amino acid substitutions in the hinge 
(residue 53). loop (residue 143) and tip/interface 
(residue 305) regions respectively. However, n 
significant binding of these monoclonal anlibodicsu* 
the peptides couloVfe demonstrated in direct binding 
solid- or solution-phase competitive RIAs. 
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Fig. 4. Binding of anti-(H A ( C-ierminaJ synthetic peptide) IgG to various influenza virus subtypes and 
strains in solid-phase RIA. Dilutions of antibody were titrated against the different viruses and binding 
detected by addition or radioiodinated protein A. AntKHA, c-tcrminus synihetic peptide) IgG 

— •) and prc-immune \gG (0—-0). 



W mays 

None of the antisera raised against synthetic pep- 
tides Or peptide conjugates displayed any HI activity 
against X-31 virus. 

discussion 

The synthetic peptides used in this study were 
homogenous as assessed by amino acid analysis and 
HPLC and represent authentic linear sequences 
. within the HA of X-31 influenza virus. The loop, lip 
and hinge sequences were chosen as they appear 
(Wiley a at., 1981) lo comprise the major antigenic 
features of this protein. In order to preserve as much 
as possible the natural environment of the putative 
antigenic sequence, the free a -amino terminus of the 
synihctic peptides was acctytatcd and the carboxyl 
terminus was convened to the amide form. However, 
when examined using a variety of different assays and 
antisera. only one of these synthetic peptides, the 
HA| C-lerminus, showed convincing CrOSS-rcactivity 
with purified HA or intact virus. The Up peptide 
when inoculated into rabbits elicited immunoglobulin 
which was capable of binding to the homologous 
peptide. No reactions were observed between these 




Fig. 5, Titration of antisera against radioiodinaicd C- 
tcrminal HA, peptide in solution-phase RIA. Dilutions of 

ami-(C-lermmaI HAj) IgG (• anli-(X-3l virus) 

IgG {(■ ■) and (A ▲)} and normal rabbit IgG 

were incubated in BSA-coaied centrifuge tubes 
uiih 0.3 nraoles or radioiodinaled C-terminal HA, peptide 
for 3 hr at room temp. Antigen-antibody complexes were 
isolated by the addition of 50>1 of a 20% suspension of 
proiein A-Scpharose CUB. 
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antibodies and any of the olhcr peptides, pure HA or 
intact virus. In a previous study (Jackson et aL % 1982) 
wc demonstrated very low levels of binding between 
a synthetic loop peptide (residues 123*151) and an 
antiserum raised against virus. In the present study, 
loop peptide (residues 140-150) showed neither im- 
munogenic nor antigenic cross-rcaclivity with virus. 

There are a number of possible explanations for 
the lack of immunogcniciiy of the individual syn- 
thetic peptides and also their lack of antigenic crOSS- 
rcactivny with intact HA. 

Size 

The mol- wt of an inoculated material plays an 
important role in ils immunogenicity. A variety of 
native peptides such as angiotensin 11 (Dietrich. 
1966), fibrinopcplidc (Bcrglund. 1965) and bacitracin 
(Abuclo and Ovary. 1965) and peptides derived from 
ACTH (Salvin and Liauw, 1967), all of which have 
mol. wts less than 2000, arc capable of eliciting 
antibodies. In these cases, however, the peptides were 
either intact or, in the case of ACTH, contained more 
than half of the native peptide's amino acid residues. 
In the present study, synthetic peptides ranging in site 
from nine to 24 amino acid residues (mol. wt 
947-2748) were used. 

Composition 

Aromatic amino acid residues have been reported 
to enhance the amount of antibody elicited by pep- 
tides (Gill and Doty, 1961; Scla rr a/.. 1962). More 
recently Shi et of- (1984) have reported that the 
cationic and/or hydrophobic properties of small syn- 
thetic peptides (two-seven residues) dominate 
antibody-binding properties and conclude thai anti- 
body binding to such small peptides cannot be inter* 
preied in terms of biologically relevant antigenic 
specificity. Lerner et al. (1983) investigating the im- 
munogenic properties of seven synthetic peptides 
reprcscnltng portions of the sequence of hepatitis B 
surface antigen found that the four peptides which 
did not elicit antibody production were hydrophobic 
in nature. Of the peptides examined here, however, 
only the fusion peptide is hydrophobic and it is 
therefore difficult to make any generalisations from 
our data about the hydrophobic or hydrophilic re- 
quirements necessary for immunogenic activity. 

Conformation 

Many of the antigenic determinants described to 



dace possess secondary- and tertiary-order structures 
which are brought into juxtaposition by folding of 
the polypeptide chain (Arnon and Sela, 1969; Arnon. 
1971; Crumpton. 1974). Evidence suggests that pep- 
tides shorter than 30 amino acid residues do not 
adopi stable configurations in solution (Sheraga. 
1981). Il is believed that they exist in a large number 
of different and transient conformational states which 
art in equilibrium. At any particular lime, that 
proportion of peptide molecules existing in the con- 
formation most representative of the native 
configuration may be as little as 10- 4 -l0"\ For 
this reason, an inoculum of synthetic peptide may 
be thought of as containing many thousands of 
conformationally and hence antigenically distinct 
species. The equilibrium constant Tor anlibody- 
antigen interaction between synthetic peptides and 
antibodies raised against the iniacl parent protein or 
between anti-pcpiidc antibodies and native anugen 
may therefore be reduced by a factor of 10M0 S 
(Sachs, 1974). 

Despite the apparent theoretical limitations of the 
synthetic peptide approach many groups have re- 
ported raising antistra to synthetic peptides and 
shown that these react with native proteins (Langr 
bchcim et al % 1976; Suldiffe et a/., 1980; Lerner et al.< 
1981; Green et a/., 1982; Lerner, 1982). These findings 
indicate that: (a) conformations of the peptides which 
mimic the native conformation are present in the 
inoculum in sufficient concn to elicit specific anti- 
bodies which will recognise the native antigen, (b) the 
antigenic determinants which the anti-peptidc anti- 
bodies recognise on the native antigen arc merely 
strings of amino acid residues possessing no con- 
formational information, or (c) antibodies elicited by 
the synthetic peptides arc able to induce some con- 
formational change in the native protein enabling 
antibody-antigen complex formation. 

With the exception or the C-terminus peptide wc 
have not been able to demonstrate binding between 
anti-peptide antibodies and native antigen or between 
anti-viral aniibodies and synthetic peptides. In fact 
not all of our peptides elicited antibody production in 
rabbits even when coupled to carriers. One ex- 
planation of these results may be that the antigenic 
regions or HA proposed by Wiley et el. (1981) do not 
represent major antigenic, features of the HA mol- 
ecule. Evidence that these regions comprise antigenic 
determinants is indirect, based on sequence studies 
carried out on variant HA molecules selected in the 
presence of monoclonal antibodies (Lavcr et oL t 
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of ticld Mrain i*olutes (Wiley vt ui. 1981). 

ti iv. however, more likely ihai the loop, up and 
hin^ regions an? xlies of antigenic activity within the 
native molecule and that ihc antigenicity f these sites 
iv dependent on c nf rotation. Il is possible that 
iriMiflicicnt information is incorporated ini ihc syn- 
thetic peptides we have assembled to represent these 
sites. These peptides arc thus unable to assume the 
correct conronnati n represented in the native anti- 
pen. HA possesses five disulphide bridges, which arc 
necessary for the molecule's structural and function a] 
integrity. In a protein where such a large number of 
covaleni bridges are required to constrain the linear 
sequence of amino acid residues into its final con- 
formation, it is likely that the antigenic sites are 
comprised of structural elements which may be re- 
mote in sequence but broughi into juxtaposition as 
the intact molecule folds into iis final conformation. 
Inspection of the three-dimensional antigenic map of 
HA (Wiley ei at^ 1981) supports this contention 
. where it can be seen that the loop, tip and hinge 
regions possess definite conformational structures. 

It is likely that our synthetic peptides exist as 
"pieces of Siring" in aq. phase, i.e. they do not 
contain the inherent structural features or the native 
molecule which would allow them to mimic immu- 
nogenically and antigcnically the sequences they rep- 
resent. Perhaps this is not surprising when considered 
in the light of experiments where low immunogenic 
and antigenic activities were obtained using much 
larger fragments of HA (Jackson ei aU 1979a, 6). 

The results reported here contrast with those of 
Cretn et al. (1982) who attach less significance to 
conformational requirements. They report thai most 
of their synthetic peptides representing some 75% of 
the HA, sequence from X47 influenza HA, including 
very short sequences not present at the molecule's 
surface, elicit antibodies which bind to HA. Neither 
could we obtain antibodies using the AMcrminal 
" portion of HA a as an immunogen, a peptide which 
has been reported (Atassi and Webster. 1983) to be 
capable of binding an ti' viral antibody and also of 
inducing antibodies which bind to intact virus. Sha* 
pira et al. (1984) have studied in more detail the 
immunogenic and antigenic features of the loop 
region. Their findings show that antibodies raised 
against a synthetic loop peptide (residues 139-146) do 
not recognise intact virus but that longer peptides 
(residues 138-164 and 147-164). which include re- 
gions additional to the loop, do induce antibodies 
which react with virus. 

The present studies may be taken as a cautionary 
note amidst the numerous reports on the use of 
synthetic peptides which have recently appeared in 
the literature, h seems that in some cases the size* and 
ultimately the conformation, of synthetic peptides 
will govern their immunogenic and antigenic 
properties— a possibility already supported by one 
report (Ioncscu-Matiu et al., 1983). 



RF.FT,Rt:SCES 



Abuclo J. C and Ovary Z. (1965) Dinitrqphcnylatcd bac- 
itracin as an antigen in the guinea pig. J. Imniun. 95, 

Allschuh D.. Harlman D.. Rcinbott J. and Van Regcn- 
mortel M. H V. (1983) Immunochemical studies of 
tobacco mosaic vims— V. Localisation qT four epitopes in 
the protein subunil by inhibiti n tests with synthetic 
peptides and cleavage peptide* from three iimm* Male?. 
Imrnun. 20, 271-278. 

Arnon R. (1971) Anybodies to enzymes— u toot in the 
study of antigenic specificity determinants. Curt. Topics 

Microbiol immun. 54, 47-9*4. 

Arnon R. and Scb M. (1969) Anubodicfc In a unique region 
in lysozyme provoked by a synthetic amigen conjugate. 
Proc. nain. Acad Sci. U.S.A. 62, 163-170. 

Atassi M. Z. and Wcbstcf R. G. (19X3) Localization, 
synthesis and activity of an antigenic site on influcnT* 
virus hemagglutinin. Proc. nnfn, A cud. Sti. 80, 
£40—344. 

Barany G. and Merrificld R. B. (1980) In The Peptides. 
Analysis. Synthesis. Biology (Edited by Cross E. and 
Mcienhofer J.). Vol. 2, pp. 1-255. Academic Press, New 
York- 

Baron M- K. and Baltimore D. (19&2) Antibodies against a 
synthetic peptide of the poliovirus repJicase protein: reac- 
tion with native, virus encoded proteins and inhibition of 
virus-specific polymerase activities i» vitro. J. Virol. 43. 
969-978. 

Berglund G. (1965) Preparation of antiserum to an antigen 
of low molecular weight. Nature. Land. 206, 523-524. 

Bitlk J. L., Houghteo R. A., Alexander H.. Shinniclc T. M., 
Sulcliffc J. C. Lemer R. A.. Rowlands D. J. and Brown 
F. (1982) Protection against fool and mouth disease by 
immunization with a chemically synthesized peptide pre- 
dicted from the viral nucleotide sequence. Nature* Lend. 
298, 3r>33. 

Bolton A. E. and Hunter W. H. (1973) The labeling of 
proteins to high ^specific radioactivity by conjugatiojuo_a 
,25 I-conuiiunj^cylating agent. Application to (he radio^ 
immunoassay. Bioehtm. 7. 133, 529-538. 

Brand C M. and Skehel J. J. (1972) Crystalline antigen from 
the influenza virus envelope. Nature New Biol. 238, 
MS- 147; 

Brcschkin A. M* t Ahern J. and White D. O. (1981) Ann- 
genie determinants of influenza virus hemagglutinin VIII. 
Topography or the antigenic regions or influenza virus 
hemagglutinin determined by competitive radio- 
immunoassay with monoclonal antibodies. Virology 1 13, 
130-140. 

Drown L. E» Dopheide T. A. A.. Ward C. W., White D. O. 
and Jackson D- C. (I960) Antigenic determinants of 
influenza virus hemagglutinin V. Antigenicity of the HA 2 
chain. J. Immun. 125, 1583-1SB8. 

Crumpton M. J. (1974) Protein amigens; the molecular 
bases of antigenicity and immunogenics y. In The Antigens 
(Edited by Seta M.). Vol. 2. pp. 1-72. Academic Press. 
New York. 

Dietrich F. M. (1966) Immunogcnicily of synthetic angio- 
tensin H. int. Arehs Allergy appt. tmmvn. 30, 497-506. 

Emini E. A., Jameson B. A. and Wimrner E. (1983) Priming 
for and induction of anti-polio virus neutralizing anti- 
bodies by synthetic peptides. Nature. Lond. 304, 699-703. 

Fazekas dc Si. Grolh S. and Webster R. G. (1966) Dis- 
quisitions on original antigenic sin 1. Evidence in man. 
7. cxp. Med. 124, 331-345. 

Gerhard W„ Ye*dell J., Frankcl M. E. and Webster R. G. 
(1981) Antigenic structure of influenza virus hemag- 
glutinin defined by hybridoma antibodies. Nature. Lond. 
290, 713-717. 

Gething M. J.. White J. M. and Waterficld M. D. (1976) 
Purification of the fusion protein of Scndai virus: analysis 



j 



Svruhciic peptide* of influenza vin» hcm;ua^^:mn 



153 



of the NH.-lerminJl sequence pen cm led dunng precursor 
activation* Proc. not*. Acad. Sn U.S.A. 75, 2737-2740. 

Gill T J III and Doiy P. 1 1 960 Studies on synthetic 
polypeptide antigens II. The immunochemical properties 
or a group Of linear synthetic polypeptide*. J. biot. Ovm. 
236,2677-2683. ^ ^ 

Goodrriend T. U Lrvjnc L. and Fasman C D. ^(1964) 
Antibodies to bradykinin and angiotensin: a use orcarbo* 
diimides in immunology. Science 144. 1344-1346. 

Gnindgcnell D. P.. Knaus R. J, and Hippcnmcycr P. J. 
(1983) Antibodies again* a synthetic peptide or the av*n 
retrovirus pp32 protein and the 0 DNA polymerase 
subunit. Virology 130, 257-262. 

Green N Alexander H.. Olson A., Alexander S.. Shinnick 
T. M.. SutchrTc J. G. and Lcmer R. A. (19S2) Immu- 
nogenic structure or the influenza virus hemagglutinin. 

Greenwood F. C. Hunter W. M. and Glow J. S. (1963) 
The preparation of m l-lahcled human growth hormone 
ofhifth specific radioactivity. Biochw*. J- 89, 114-123. 

Huang R. T- C Rou R. and Klcnk H. D. (1981) Influenza 
viruses cause hemolysis and fusion or cells. Virology 110, 

loncscu-Matiu 1.. Kennedy R. C, Sparrow J. T„ CulweU 
A. R M Sanchez Y., Melnick J. L. and Dreesman G. R. 
(1983) Epitopes associated with a synthetic hepatitis B 
surface antigen peptide. J. Immun. 130, 1947-1952. 

Jackson D. C. (1980) Some effects of chloramine-T induced 
radioiodination on the physico-chemical properties or 
©licomcrie proteins. unnum. Altth. 34. 253-360 

Jackson D. C, Bro*vn L E. and White D. O. (1981) 
Antigenic determinant* of influenza virus hemagglutinin. 
V|. Antigenic characterisation or the oligosaccharide Side 
chains from HA i or influenza virus hemagglutinins. 
J. rcn. Virol. S2, 163-168- 

Jackson D. C, Brown L- E.. While D. O.. Dopheide 
T. A. A. and Ward C. W. ( 1 979fl) Antigenic determinants 
of influenza virus hemagpJuiinin. JV. Imrntinogcnicity 
or fragments isolated from ihe hemagglutinin or 
A/Memphis/72. J. Immun. 123, 2610-2617. 

Jackson D. C- Oophcide T. A.. Russell R. J., White D. O. 
arid Ward C W. (1979/0 Antigenic determinants or 
influenza virus hemagglutinin. II. Antigenic rcacLiyhy of 
the isolated N-ierminal cyanogen bromide peptide or 
A/Mcmphis/72 hemagglutinin heavy chain. Virology 93, 

Jackson D. C, Murray J. M.. White D. O., Fagan C. N. and 
Trcgear O. W. (1982a) Antigenic activity of a synthetic 
peptide comprising the "loop" region ot influenza virus 
hemagglutinin. Virology 120. 273-276. 
Jackson D. C, Murray J. M.. White O. O- and Gerhard W. 
O. (1982o) Enumeration or antigenic sites of influenza 
virus hemagglutinin. Infect. Immun. 37, 912-918. 
Jackson D. C. Russell R. Ward C W. and Dopheide 
T. A. (1978) Antigenic determinants or influenza yirus 
hemagglutinin. I. Cyanogen bromide peptides derived 
rroro A/Memphis/72 hemagglutinin possess antigenic 
activity. Virology 199-205. 
Kent S. B. H. (1980) In Biamcdicof Polymer (Edited by 
Goldberg E. P. and Nakajima A), pp. 21 3-242. Academic 
Press. New Vork. , t 

Langbeheim H M Arnon R. and Scla M. (1976) Antiviral 
effect on MS-2 coliphage obiained *ith a synthetic anti- 
gen. Proc. notn. Acad. Sn. U.S^i. 73, 4636-4640. 
Laver \V. G. (1964) Structural studies on the protein 
subunits from three strains of influenza virus. J. molcc. 
Biol. 9, 109-124. . 
Laver W. G. (1971) Separation of two polypeptide chains 
from the hemagglutinin submit or influent* vims. Vi- 
rology 4S, 275-288. 
Uver W. G.. Air G, M., Webster R- C, Gerhard W.. Ward 
C. W. and Dopheide T. A. (I979J Antigenic drift in type 
A influenza virus: sequence differences in the hemag- 



glutinin of Hone Kong (H3N2) var.anls selected with 
monoclonal hybridoma antibodies- i'fflfgy 9ft. 226*237. 
Lcrner R. A,. Green N . Alrxandn It.. L»u F.*T.. Sutdiflc 
J. G. and Shinnick T. M- (I9HI) Chemically synthesized 
Nature. Umd. 299. 592-596 
Umcr R. A.. Green Alexander H., Liu K-T.„ Sutdiflc 
J. G. and Shinmck T. M. (1981 J Chemically synthesized 
peptides predicted from the nucleotide sequence of Ihe 
hepatitis B virus genome elicit anybodies reactive u-ith the 
native envelope protein or Dane particles. Proc. natn. 
Acad. Sci. U.S.A. 7«. 3403-3407. _ 
Mullcr G. M.. Shapira M. and Anion R. (1982) Ann- 
influenza response achieved by immunisation with a 
synthetic conjugate Proc. notn, Acad Set. U.S.A, 79, 

Pnn^A 3 M.. Ikram H. and Hopp T. P. (1982) Hepatitis B 
virus vaccine: identification of H BsAg/a and HBsAg/d 
but not HBsAg/y subtype antigenic determinants on a 
svnthetic immunogenic peptide, Proc. nam. Acod. Set. 
U.S.A. 79, 579-582. 
Quesniaux U„ Briand J -P. and Van Regenmortel M. H. v. 
(1983) Immunochemical studies of turnip yellow mosaic 
virus— H. Localization of a viral epitope in the /V* 
terminal residues of the coat protein. Moke Intmun. 20, 
179-185. 

Richardson C D„ Scheid A. and Choppin P. W. (19B0) 
Specific inhibition of pa r amy xovirus replication by »- 
gopeptides with amino acid sequences similar to those at 
the AMermini of the F, or HA, \-iral polypeptides. 
Vindogv 105, 205-222. ^~~«T^ 
Rowlands' D. J^CIarke B E. CarroU A. R.. Brown F., 
Nicholson 0'. H„ Biltle J. L.. Houghten R. A. and Lemcr 
R. A. (1983) Chemical basis or antigenic variation in 
foot-and-mouth disease virus. Vfl/t/re, Land. 306, 
694-697. . 
Sachs D. H. (1974) In Current Topics tn Biochemistry 
(Edited by Anfmson C. B. and Schechter A. N.). Aca- 
demic Press. New York. 
Salvin S. B. and Liauw H.-L. (1967) Hypersensitivity lo 
peptide fraBments. //W. Archs Allergy appi ftvnun. 31, 
366-379. 

Scla M., Fuchs S. and Amon R. (1962) Studies on the 
chemical basis of the antigenicity of proteins. 5. Synthesis, 
characterisation and immunogenicity of some multichain 
and linear polypeptides containing typrosine. Biochcm. J. 

Shapira"M.. Jibson M„ Muller G. and Anion R. (1984) 
Immunity and protection against influenza vjrus by 
synthetic peptide corresponding to antigenic sites of 
hemagglutinin, Proc. natn. Acad. Sci. U.S.A. 81, 2461- 
246S. 

Sheraga H. A. (I960 Influence of interatomic interactions 
on the structure and stability of polypeptides and pro* 
teins. Btapolynxrs 20, 1877-1 B99. 
Shi., Riehm J. P.. Todd P. E. E. and Leach S. J. (1984) The 
antigencily or myoglobin- related peptides synthesized on 
polyacrylamidc and polystyrene icsin supports. Molec. 
Inimun. 21, 489-496- . 
Skehcl J. J- Bayiey P. M„ Brown E. B.. Martin S. k», 
~ Watcrfield M. D^ White J. M.. Wilson I. A. and Wiley 
D. C (1982) Changes in the conformation or influenza 
virus hemagglutinin at the pH optimum of virus-mediated 
membrane fusion. Proc. nam. Acad. Sci U.SM. 79, 
968-972. 

Skehcl J. J. and Waierficld M. D. (1975) Studies on ihc 
primary Structure of the influenza virus hemagglutinin. 
Proc. natn. Acad. Sci. U.S.A. 72, 93-97. _ 
SutclifTe J. G., Shinnick T. M„ Green N.. Liu F.-T.. Niman 
H. L. and UrWer R. A. (1980) Chemical synthesis of a 
polypeptide piedictcd from nucleotide sequenccJillows 
detection o/^d new retroviral acne produci. Natvr** Lt»M\^^ 
2$7, 801-805. . , _ flOH ^ 

Tamura T.. Bauer H.. Bin C and P.pkorn R. (19B3) 



IM 

Ant.KMl.c* «F.ttnxt yymhelic pcplidrt « a tool for lum> 
u££V*hl «f the forming proicn ppMP-- Off 

VLW^c! W 6 (IVNI) SiruCturc of the influenza hema E - 
Mni.nin Cttrr. Topics Aficrnbiol. 94/95, 1-74. 

wKt G. »<* U«r W. G. (1980) De^in^on orU,e 
number of nonavcf lapping snlicerw: areas on HongKone 
"|ON2l i«fl-n.J». viru* hcmaefll"™" w *.7°S*?fJ 
U..h^i« and .he M l«*m of ««» '*»««■* 
ep.detn.olt.giei.) uenificance. IWw 104. 139-1«B. 



Ann Ncstoriiwicz r» «/- 



White J. M.„ M-ilin K. and Helenivs A- (1981) Cell fusion 
by ScmUki forest, influenza and vesicular atomauus v>- 
roses. J, CHI Biol. 89, 674-679. 
Wiley D. C Wilson I. A. and SkcheJ J. X (1981) Structural 
identification or the antibody-binding sites of Hong Kong 
influent hcxnaB£luiinin and their involvement in anli- 
Bcnic variation. AW'f. Load. M9, 373-378. 
Wilson I. A., Wiley D. C. and Skehel J. J. (19BI) Structure 
of ihe hemaBC lulinin membrane glycoprotein or influenza 
virus al 3 A resolution. A'w, Land. 289, 366-373. 



j 



